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57 ABSTRACT

A DRAM device includes bit lines formed on an interlayer
insulation film which covers gate electrodes on an insulation
f1lm on a semiconductor substrate. Each bit line 1s 1n contact
with the corresponding source region formed in the substrate
through an opening i1n the insulation films. Another 1nsula-
fion film 1s formed so as to cover the bit lines. A storage
clectrode 1s formed on the insulation film covering the bit
line, and 1s 1in contact with a drain region in the substrate
through another opening 1n the insulation films. The bit line
has a vertical layer level lower than that of the storage
clectrode. The storage electrode 1s covered with a dielectric
film, which 1s covered with an opposed electrode.

10 Claims, 29 Drawing Sheets
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DYNAMIC RANDOM ACCESS MEMORY
DEVICE AND METHOD FOR PRODUCING
THE SAME

This application 1s a continuation of application Ser. No.
08/716,782, filed Sep. 24, 1996, now U.S. Pat. No. 6,046,
468, which 1s a divisional application of application Ser. No.
08/291,581 filed Aug. 16, 1994, now U.S. Pat. No. 5,572,
053, which 1s a continuation application of application Ser.
No. 07/815,581, filed Dec. 30, 1991, now abandoned, which
1s a divisional application of application Ser. No. 07/536,757
filed Jun. 12, 1990, now U.S. Pat. No. 5,128,273, which 1s
a divisional application of application Ser. No. 07/462,290
filed Dec. 29, 1989, now U.S. Pat. No. 4,953,126, which 1s
a continuation of application Ser. No. 07/274,2°79 filed Now.
22, 1988, now abandoned.

BACKGROUND OF THE INVENTION

The present invention generally relates to a dynamic
random access memory device and a method for producing
the same and, more particularly, to 1improvements in the
layer structure of a dynamic random access memory device
and a method for producing such an 1mproved dynamic
random access memory device.

A dynamic random access memory (hereinafter simply
referred to as a DRAM device) has a number of memory
cells. Each memory cell 1s composed of a memory cell
capacitor and a transfer gate transistor. Currently, there has
been considerable activity in reduction of the size of a
DRAM device. It 1s required particularly to reduce the size
of a memory cell capacitor in order to reduce the size of
DRAM devices. It 1s noted that the arca of memory cell
capacitors which occupies a semiconductor substrate
decreases, capacitance of each memory cell capacitor
decreases. The capacitance of the memory cell capacitor
depends greatly on the size of a storage electrode of the
memory cell, which 1s paired with an opposed electrode
thereof. As the area of the storage capacitor which occupies
the semiconductor substrate decreases, the capacitance of
the memory cell capacitor decreases considerably. The
reduction of the size of the memory cell capacitor, particu-
larly the reduction of the size of the storage electrode causes
the following problems in addition to the decrease 1n capaci-
tance of the memory cell capacitor. First, soft errors due to
irradiation of o-particles increase with a decrease of the
capacitance of the memory cell capacitor. Secondly,
although 1t 1s known to make the storage electrode thick so
as to increase the side wall area thereof and thereby increase
the enfire surface area of the storage electrode, 1t 1s difhicult
to obtain a fine pattern because the aspect ratio with respect
to bit lines and contact holes increases. Thirdly, neighboring
bit lines are located closer, or 1n other words, a separation
distance between the neighboring bit lines decreases. The
closer the neighboring bit lines are arranged, the greater the
coupling capacitance therebetween.

SUMMARY OF THE INVENTION

It 1s therefore a general object of the present invention to
provide a novel and useful random access memory device
and a method for producing the same 1n which the afore-
mentioned disadvantages are eliminated.

A more specific object of the present invention 1s to
provide a random access memory device having a storage
clectrode having an increased surface arca. An increased
surface area of the storage electrode can provide various
advantages.
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2

Another object of the present invention 1s to provide a
random access memory device in which neighboring bit
lines are electrically shielded very well.

The above objects of the present invention can be
achieved by a random access memory device which com-
prises a semiconductor substrate having a source region and
a drain region, a first insulation film formed on a surface of
the semiconductor substrate, a gate electrode formed on the
first insulation film, a second 1nsulation film formed so as to
cover the gate electrode, a bit line formed on the second
insulation film, the bit line being in contact with the source
region through a first opening formed 1n the first and second
msulation films, a third insulation film formed so as to cover

the bit line, a storage electrode formed on the third mnsulation
film and being 1n contact with the drain region through a
second opening formed in the first, second and third i1nsu-
lation films, a dielectric film formed so as to surround the
storage electrode, and an opposed electrode formed so as to
cover the dielectric film.

Still another object of the present invention 1s to provide
a method for producing the above-mentioned DRAM
device.

The above another object of the present invention can be
achieved by a method which comprises the steps of forming,
a gate electrode on a first insulation film formed on a
semiconductor substrate and source and drain regions 1n the
semiconductor substrate, forming a second 1nsulation film so
as to cover the gate electrode, forming a first opening 1n the
first and second 1nsulation films, forming a bit line being in
contact with the drain region through the first opening and
overlying the second insulation film, forming a third i1nsu-
lation film so as to cover the bit line, forming a second
opening 1n the {first, second and third insulation films,
forming a storage electrode being in contact with the source
region through the second opening and overlying the third
insulation film, forming a dielectric film so as to surround
the storage electrode; and forming an opposed electrode so
as to cover the dielectric film.

A Turther object of the present invention 1s to provide a
method for producing the aforementioned DRAM device in
which a contact hole with respect to the drain region and the
storage electrode 1s formed by a self-alignment process.

The further object of the present invention can be
achieved by a method for producing the DRAM which
comprises the steps of forming a gate electrode on a first
insulation film formed on a semiconductor substrate and
source and drain regions in the semiconductor substrate,
forming a second insulation film so as to cover the gate
clectrode, forming a first opening in the first and second
embodiment, forming a conductive film on the second
insulation film, forming a third insulation film on the con-
ductive film, patterning the conductive film and the third
insulation film so as to shape a bit line on which the third
insulation film remains, forming a fourth msulation {ilm on
the bit line and the second and third insulation films, forming
a second opening in the first, second and fourth insulation
films by a self-alignment process 1n which the bit line 1s used
as a mask film so that the fourth 1nsulation film remains so
as to surround a side wall of the bit line, forming a storage
clectrode being 1n contact with the drain region and over-
lying the third and fourth msulation films, forming a dielec-
tric film so as to surround the storage electrode, and forming
an opposed electrode so as to cover the dielectric film.

Other objects, features and advantages of the present
invention will become apparent from the following detailed
description when read in conjunction with the accompany-
ing drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a circuit diagram of a memory cell of a DRAM
device;

FIG. 1B 15 a cross sectional view of a layer structure of a
memory cell for a conventional DRAM device;

FIGS. 2A through 2C are views showing the first pre-
ferred embodiment of the present invention;

FIGS. 3A through 3C are views showing the second
preferred embodiment of the present invention;

FIGS. 4A through 4C are views showing the third pre-
ferred embodiment of the present invention;

FIGS. S5A through 5C are views showing the fourth
preferred embodiment of the present invention;

FIGS. 6A through 6F are cross sectional views taken
along a line 11 ,—II, shown 1n FIG. 2C, which are observed
in different manufacturing steps for the first embodiment;

FIGS. 7A through 7F are cross sectional views taken
along a line 11,—II, shown 1n FIG. 2C, which are observed
in different manufacturing steps for the first embodiment;

FIGS. 8A through 8H are cross sectional views taken
along a line IV,—IV, shown in FIG. 4C, which are
observed 1n different manufacturing steps for the third
embodiment;

FIGS. 9A through 9H are cross sectional views taken
along a line IV,—IV, shown in FIG. 4C, which are
observed 1n different manufacturing steps for the third
embodiment;

FIGS. 10A through 10J are cross sectional views taken
along the line V,—V, shown in FIG. 5C, which are
observed 1n different manufacturing steps for the fourth
embodiment;

FIGS. 11A through 11J are cross sectional views taken
along the line Vp,—V, shown in FIG. 5C, which are
observed 1n different manufacturing steps for the fourth

embodiment;

FIGS. 12A and 12B are cross sectional views for describ-
ing some problems which may be encountered in the first
embodiment;

FIGS. 13A through 13C are views showing a modification
of the first embodiment;

FIG. 14A through 14K are cross sectional views taken
along a line XIII,—XIII, shown 1n FIG. 13C, which are
observed at different manufacturing steps for the modifica-

tion of FIGS. 13A through 13C; and

FIGS. 15A through 15K are cross sectional views taken
along a line XIII,—XIII,; shown 1n FIG. 13C, which are

observed at different manufacturing steps for the modifica-
tion of FIGS. 13A through 13C.

DETAILED DESCRIPTION

Before describing the preferred embodiments of the

present invention, a description 1s given of a memory cell for
a conventional DRAM device with reference to FIGS. 1A
and 1B.

FIG. 1A 1s a circuit diagram of a memory cell for a
DRAM device. As shown, a memory cell 1s composed of a
transfer gate transistor T and a memory cell capacitor C. A
source of the transfer gate transistor T 1s connected to a
corresponding bit line BL, and a drain thereof 1s connected
to a storage electrode 6. A gate of the transfer gate transistor
T 1s connected to a corresponding word line WL. An
opposed electrode 8 1s connected to a constant power source.
A dielectric film 7 1s provided between the storage electrode
6 and the opposed electrode 8.
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FIG. 1B shows a cross section of a conventional layer
structure which provides the memory cell of FIG. 1A. The
memory cell comprises a p-type silicon substrate 1, a field
insulation film 2, a gate insulation film 3, a drain region 4D,
a source region 4S5, and a silicon dioxide film 5. The gate
clectrode WL1 1s concerned with the transfer gate transistor
T, and the gate electrode WL2 1s concerned with another
transfer gate transistor (not shown). Gate electrodes WL1
and WL2 of polysilicon are formed on the gate insulation
film 3 and the silicon dioxide film 35, respectively. The
storage electrode 6 1s formed so as to be 1n contact with the
drain region 4D. The dielectric film 7 1s formed so as to
surround the storage electrode 6. The dielectric film 7 1is
covered with the opposed electrode 8. A passivation {film 9
of phosphosilicate glass (PSG) is formed on the entire
surface of the silicon substrate 1. The bit line BL which
overlies the passivation film 9 1s 1n contact with the source
region 4S. In the conventional layer structure of FIG. 1B, 1t
1s particularly noted that the bit line BL has a vertical layer
level higher than that of the layer of the memory cell
capacitor C composed of the storage electrode 6, the dielec-
tric film 7 and the opposed electrode 8.

A description 1s given of the first preferred embodiment of
the present 1nvention with reference to FIGS. 2A through

2C.

FIGS. 2A through 2C show the first preferred embodi-
ment of the present invention. FIG. 2C 1s a plan view of the

first embodiment. FIG. 2A 1s a cross sectional view taken
along the line 11 ,—II, shown in FIG. 2C, and FIG. 2B 1s a

cross sectional view taken along the line II,—II.

Referring to FIGS. 2A through 2C, a field insulation film

12 1s formed on a main surface of a silicon substrate 11. A
cgate 1nsulation layer 13 1s formed on the surface of the
silicon substrate 11. Gate electrodes WL3 and WL4 of
polysilicon films are formed on the gate msulation films 13
and the field isulation film 12, respectively. The gate
clectrodes WL3 and WL4 function as word lines of the
transfer gate transistor T1. Then, impurity diffusion layers
14S and 14D are formed by implanting arsenic ions (As™)
into the silicon substrate 11, wherein the gate electrodes
WL3 and WL4 are used as a mask. The impurity diffusion
layers 14S and 14D function as the source and drain of a
transfer gate transistor 11, respectively. An interlayer 1nsu-
lation film 15 of silicon dioxide (Si0,) i1s formed so as to
cover the gate electrodes WL3 and WL4. Bit lines BL1 of
polycide or polysilicon which contains n™-type impurity ions
such as arsenic ions (As™) are formed so as to make contact
with the source region 14S through a bit line contact hole 16,
and overlie the mterlayer insulation film 15. An insulation
film 18 of silicon dioxide film 1s formed on the interlayer
insulation film 15 so as to cover the bit lines BLL1. The
transfer gate transistor T1 1s composed of the drain and
source regions 14D and 145, the gate electrode WL3 and the
bit line BL1.

A storage electrode 20a 1s formed on the silicon dioxide
film 18 and 1s 1n contact with the drain region 14D through
a contact hole 20A. The storage electrode 20a 1s made of
polysilicon, and is doped with n™-type impurity ions such as
arsenic (As™). The storage electrode 20a is covered with a
dielectric film 21 of silicon dioxide, which 1s formed by
thermal oxidation with respect to the storage electrode 20a.
An opposed electrode 22, which 1s paired with the storage
electrode 204, 1s formed so as to surround the dielectric film
21. The opposed electrode 22 1s made of polysilicon con-
taining n”-type impurity ions such as phosphorus. A memory
cell capacitor or storage capacitor C1 1s composed of the
storage electrode 20a, the dielectric film 21 and the opposed
clectrode 22.
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It 1s particularly noted that each bit line BLL1 has a layer
level lower than that of the storage electrode 20a. Therefore,
1t 1s unnecessary to form bit lines on an 1nsulation film which
covers the memory cell capacitor. Additionally, 1t becomes
possible to increase the storage electrode 20a because there
1s no bit line contact hole 1n the 1nsulation film which covers
the memory cell capacitor. As a result, the storage electrode
20a thicker than the storage electrode 6 shown 1n FIG. 1B
can be formed. It 1s noted that the thicker storage electrode
20a increases the capacitance of the memory cell capacitor.
In the case where each bit line has a layer level higher than
that of the storage electrode as in the case of the conven-
tional DRAM device of FIG. 1B, there 1s a limit on the film
thickness of the storage electrode 6. This 1s because the
presence ol a thick storage electrode 1n the conventional
layer structure makes it difficult to make contacts between
the source regions 3S and the bit lines BL.

It 1s further noted that the adjacent bit lines BL1 of the first
embodiment are electrically shielded by the storage elec-
trode 20a and opposed electrode 22 iterposed therebe-
tween. Although the storage electrode 20a 1s normally 1n a
floating state, there exists the strong capacitive coupling
between the storage electrode 20a and the opposed electrode
22. As a result, the storage electrode 20a can function as an
clectrical shield member with respect to the neighboring bit
lines BLL1. With the above structure, it becomes possible to
reduce noise introduced on the bit lines BL1.

A description 1s given of the second preferred embodi-
ment of the present invention with reference to FIGS. 3A
through 3C. In FIGS. 3A through 3C, those parts which are
the same as those 1n the previous figures, are given the same
reference numerals. FIGS. 3A and 3B are cross sectional
views taken along the lines III ,—III, and III,—III, of FIG.
3C, respectively.

The second embodiment of the present invention 1s com-
posed of a transfer gate transistor T2 and a memory cell
capacitor C2, as 1n the case of the first embodiment. The
second embodiment 1s different from the first embodiment 1n
position of bit line contact holes. As shown 1n FIG. 2C, each
bit line contact hole 16 and the corresponding storage
clectrode contact hole 20A are aligned 1n the direction of
extension of the bit lines BL1. Particularly, the bit line
contact hole 16 1s positioned 1n the center of a distance
between the neighboring bit lines BLL1. On the other hand,
as shown 1n FIG. 3C, a bit line contact hole 16a with respect
to a bit line BL22 and the corresponding storage electrode
contact hole 20A of the transfer gate transistor T2, are not
arranged 1nto a line. The bit line contact hole 16a of the bit
line BL.22 1s positioned closer to the bit line BL.22 than a bat
line BL23. Similarly, the bit line contact hole 16a of a bat
line BL21 1s positioned closer to the bit line BLL21 than the
bit line BL22. The cross section of the contact hole 16a of
the bit line BL22 does not appear 1n the cross section of FIG.
3A. That 1s, the cross section of FIG. 3A differs from the
cross section of FIG. 2A. With the aforementioned arrange-
ment of the bit line contact holes 164, 1t becomes possible
to improve 1nsulation properties between the neighboring bit
lines such as the bit lines BLL21 and BL22 and to achieve
casy patterning. The source region 14S 1s the same as the
source region 14S of the first embodiment. Other portions of
the second embodiment are the same as those of the first
embodiment.

A description 1s given of the third embodiment of the
present invention with reference to FIGS. 4A through 4C.

FIGS. 4A and 4B are cross sectional views taken along the

lines IV,—IV, and IV,—IV, of FIG. 4C, respectively. The

third embodiment 1s composed of a transfer gate transistor
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T3 and a memory cell capacitor C3. The transfer gate
transistor T3 comprises the source and drain regions 14S and

14D, the gate electrode 13 and a bit line BLL32. The memory
cell capacitor C3 comprises a storage electrode 25a of
polysilicon, a dielectric film 26 of silicon dioxide, and an
opposed electrode 27 of polysilicon. The storage electrode
25a and the opposed electrode 27 are doped with n*-type
impurity such as arsenic (As) and phosphorus (P), respec-
fively.

The third embodiment has an essential feature 1n which it
has a storage electrode contact hole 24 which 1s formed 1n
an 1msulation film by a self-alignment process in which bit
lines BLL31, BL.32 and BL.33 function as a resist mask film.
As shown 1n FIG. 4C, the storage electrode contact hole 24
has a slit shape. By the self-alignment process, it 1s unnec-
essary to carry out a positioning operation with respect to the
storage electrode contact holes 24. Additionally, a decreased
arca of the memory cell which occupies the silicon substrate
11, 1s obtainable.

A description 1s given of the fourth embodiment of the
present nvention with reference to FIGS. 5A through 5C.

FIGS. 5A and 5B are cross sectional views taken along the
lines V,—V, and V,—V_ of FIG. 5C, respectively. Refer-

ring to FIGS. SA through 5C, a field insulation film 32 is
formed on a main surface of a p-type silicon substrate 31. A
cgate 1nsulation film 33 1s formed on the surface of the silicon
substrate 31. Gate electrodes, or word lines WLS and WL6
arec formed on the gate insulation film 33 and the field
insulation film 32, respectively. Then, source and drain
regions 34S and 34D are formed 1n the silicon substrate 31.
The source and drain regions 34S and 34D are n™-type
impurity diffusion regions. The word lines WLS and WL6
are covered with an interlayer insulation film 35 of silicon
dioxide. Bit line contact holes 36 are formed 1n the 1nterlayer

the gate 1nsulation film 33. Bit lines

insulation film 35 and
BL4 are formed on the mterlayer insulation film 35, and are
in contact with the respective source regions 34S through bit
line contact holes 36. A silicon nitride film 38 1s formed so
as to cover the bit lines BL4. A transfer gate transistor T4 of

the fourth embodiment 1s composed of the source and drain
regions 34S and 34D, the word line WL3 and the bit line

BL4.

Storage electrode contact holes 44 are formed so as to
penctrate the silicon nitride film 38, the interlayer 1nsulation
film 35 and the gate insulation film 33. A memory cell
capacitor C4 includes a storage electrode 45, a dielectric film
46 and an opposed electrode 47. The storage electrode 45 of
polysilicon has a vertical portion 45a and three flange or
wing portions 45b which are connected to the vertical
portion 45a. The vertical portion 454 1s 1n contact with the
drain region 34D. The uppermost wing portion 435b 1is
formed integrally with the vertical portion 454. The wing
portions 43b are separated from each other in the vertical
direction. In other words, a gap 1s formed between the
adjacent wing portions 45b. The above-mentioned structure
enables an 1ncrease of the capacitance of the storage capaci-
tor C4. The wing portions 45b extend above the gate
clectrodes WLS and WL6. A surface of the storage electrode
45 1s covered with the dielectric film 46 of silicon dioxide.
The opposed electrode 47 of polysilicon are formed so as to
cover the dielectric film 46. It 1s noted that the gap between
the adjacent wing portions 45b 1s filled with polysilicon of
the opposed electrode 47. The storage electrode 45 and the
opposed electrode 47 are doped with n™-type impurity such
as arsenic (As) and phosphorus (P), respectively.

As can be seen from FIGS. SA through 5C, the surface
arca of the storage electrode 45 can be greatly increased. As
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a result, the memory cell capacitor including the storage
clectrode 45 has a further increased capacitance value.

A description 1s given of a method for producing the first
embodiment of the present invention with reference to

FIGS. 6A through 6F, and FIGS. 7A through 7F. FIGS. 6A 5

through 6F show cross sectional views along the line II,—
[1, shown 1n FIG. 2C observed at different manufacturmg
steps, and FIGS. 7A through 7F show cross sectional views
along the line II,—II, shown 1n FIG. 2C observed at
different manufacturing steps.

Referring to FIGS. 6A and 7A, the field insulation film 12
1s formed by a selective thermal oxidation process such as
the LOCOS process 1n which an oxidation-resistant mask
film 1s used. After removing the oxidation-resistant mask
film, the gate insulation film 13 is formed to a thickness of
about 200 A by a thermal oxidation process. Then, a
polysilicon fllm 1s deposited to a thickness of approximately
2000 A by chemical vapor deposition (CVD). Thereafter, the
polysilicon film 1s patterned so as to form the gate electrodes
WL3 and WL4. The patterning process i1s carried out by
forming a resist mask {ilm by the conventional photolithog-
raphy technology, and then etching the polysilicon film by
reactive ion etching (RIE) in which an etching gas of
CCl,/0, 1s used. Thereafter, impurity 1ons such as arsenic
ions (As™) are implanted into the silicon substrate 11 by
self-alignment in which the gate electrodes WL3 and WL4
are used as a mask film. Thereby, the source and drain
regions 14S and 14D are formed m the silicon substrate 11.

Referring to FIGS. 6B and 7B, the interlayer insulation
film 15 of silicon dioxide i1s deposned to a thickness of

approximately 1000 A so as to cover the cgate electrodes
WL3 and WL4. Then the interlayer insulation film 15 1s

ctched by an anisotropic etching process such as RIE so as
to form the opening (bit line contact hole) 16. In the RIE
process, an etching gas of CHF,+H, 1s used.

Referring to FIGS. 6C and 7C, an impurity-doped poly-
silicon film having a thickness of approximately 1000 A s
deposited on the entire surface of the silicon substrate 11 by
low-pressure chemical vapor deposition. Then deposited
polysilicon film 1s patterned by anisotropic etching such as
RIE so as to form the bit lines (BLL1) 17. A polycide film can
be substituted with the polysilicon film. In this case, a
polysilicon film 1s deposited, and then a tungsten silicide
film 1s deposited on the polysilicon film. Thereafter, the
polysilicon film and the tungsten silicide film are patterned
by the conventional photolithography technology. The tung-
sten silicide film can be substituted with a refractory metal
f1lm of molybdenum silicide, tantalum silicide, or titanium
silicide.

Referring to FIGS. 6D and 7D, the insulation film 18 of
silicon dioxide or silicon nitride 1s deposited by chemical
vapor deposition so as to cover the bit lines 17. After
providing a mask film (not shown) on the insulation film 18,
the msulation film 18, the interlayer insulation film 15 and
the gate insulation film 13 are etched so as to form an

opening 19. The opening 19 functions as the storage elec-
trode contact hole 20A.

Referring to FIGS. 6E and 7E, a polysilicon film 20 1s
deposited by chemical vapor deposition on the entire surface
of the silicon substrate 11, and 1s then patterned by aniso-
tropic etching such as RIE so as to form the storage
electrodes 20a. The polysilicon film 20 1s apprommately
4000 A thick. An ctching gas of CCl,/O, 1s used 1n the
anisotropic etching process.

Referring to FIGS. 6F and 7L, the diclectric film 21
having a thickness of approximately 100 A is formed by
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thermal oxidation with respect to the storage electrodes 20a.
Then, as shown 1n FIGS. 2A and 2B, the opposed electrodes
22 are deposited so as to cover the dielectric films 21.

The manufacturing process for the second embodiment 1s
the same as that for the first embodiment except for the size
of the source region 14S and the mask film used for forming
the opening 16a in the gate insulation film 13 and the
interlayer msulation film 135. Therefore, a description of the

manufacturing process for the second embodiment 1s omit-
ted.

A description 1s given of a method for producing the third

embodiment of the present invention with reference to
FIGS. 8A through 8H, and FIGS. 9A through 9H. The steps

of FIGS. 8A and 9A, and FIGS. 8B and 9B are the same as
those of FIGS. 6A and 7A, and FIGS. 6B and 7B. Therefore,
a description of the steps of FIGS. 8A, 9A, 8B and 9B arc
omitted.

Referring to FIGS. 8C and 9C, a polycide film 17 and a
silicon dioxide film 18 are grown by low-pressure chemical
vapor deposition. The polycide film 17 can be substituted
with a polysilicon film containing n*-type impurity ions.

Referring to FIGS. 8D and 9D, after providing a resist
mask film (not shown), the polycide film 17 is patterned by
anisotropic etching such as RIE so as to form the bit lines
such as BL32 and BL33. At this step, it 1s preferable that
portions of the silicon dioxide film 18 on the patterned
polycide films 17 are left. The presence of the silicon dioxide
film 18 on the patterned polycide film 17 1s necessary to
form the storage electrode contact holes 24 by self-
alignment, as described later.

Referring to FIGS. 8E and 9L, the silicon dioxide film 23
having a thickness of apprommately 1000 A is deposited on
the entire surface of the silicon substrate 11 by chemical
vapor deposition.

Referring to FIGS. 8F and 9F, the opening or storage
clectrode contact hole 24 1s formed by anisotropic etching
such as RIE so as to penetrate the silicon dioxide film 23, the
interlayer insulation film 15 and the gate msulation film 13.
The opening 24 can be formed by self-alignment 1n which
the bit lines BLL32 and BL33 are used as a mask film. It 1s
noted that as shown in FIG. 9F, the upper surface of each
polycide film 17 1s covered with the silicon dioxide film 18,
and side walls of each polycide film 17 and side walls of
cach silicon dioxide film 18 are covered with the silicon
dioxide film 23. The presence of the silicon dioxide film 18
on the upper surface of the polycide film 17 can prevent
shorting between the polycide film 17 and a polysilicon film
25 deposited 1 the subsequent manufacturing step. In a case
where the silicon dioxide film 18 1s completely removed at
the step of FIGS. 8D and 9D, the upper and/or side surfaces
of the polycide film 17 may be partially exposed after the
step of FIGS. 8F and 9F. For the sake of simplicity, a group
of the msulation films covering the polycide film 17 1is
indicated by a reference numeral 23 1n other figures.

It 1s noted that an alignment margin or tolerance is not
neceded at the time of forming the opening 24 by the
self-alignment process. On the other hand, 1n the aforemen-
tioned method for producing the first embodiment, some
alignment margin 1s necessary to prevent the bit lines BL1
from being exposed after the step of FIGS. 6D and 7D.

Referring to FIGS. 8G and 9G, the polysilicon film 235 1s
deposited on the entire surface of the silicon substrate 11 by
low-pressure chemical vapor deposition. Thereatter, a resist
mask film (not shown) is deposited, and then the polysilicon
f1lm 235 1s patterned by anisotropic etching such as RIE. Each
patterned polysilicon film 25 provides the storage electrodes

25a.
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Then, as shown 1n FIGS. 8H and 9H, the dielectric film 26
of silicon dioxide 1s formed so as to cover the surface of each
storage electrode 25. Finally, the polysilicon film 27 1is

deposited so as to cover the dielectric film 26 as shown 1n
FIGS. 4A and 4B.

A description 1s given of a method for producing the

fourth embodiment of the present invention with reference
to FIGS. 10A through 10J, and FIGS. 11A through 11J.

Referring to FIGS. 10A and 11A, the field insulation film
32, the source and drain regions 34S and 34D, the gate
insulation film 33, and the gate electrodes WLS and WL6 are
formed, as 1n the case of the manufacturing process for the
first embodiment.

Referring to FIGS. 10B and 11B, the interlayer mnsulation
f1lm 35 of silicon dioxide 1s deposited on the entire surface
of the silicon substrate 31. After depositing a resist mask
film (now shown), the opening 36 is formed in the interlayer
insulation film 35 and the gate insulation film 33 by aniso-
tropic etching such as RIE in which an etching gas of
CHF;+H, 1s used. The opening 36 functions as the bit line
contact hole.

Referring to FIGS. 10C and 11C, an impurity-doped
polysilicon film 1s deposited to a thickness of approximately
1000 A by low-pressure chemical vapor deposition, and 1s
then patterned by anisotropic etching such as RIE. The
patterned polysilicon film 37 provides the bit lines such as

BL4. The polysilicon film can be substituted with a polycide
f1lm.

Referring to FIGS. 10D and 11D, the insulation film 38 of

silicon nitride 1s formed on the entire surface of the silicon
substrate 31. As shown, the patterned polysilicon film 37 1s
covered with the insulation film 38.

Referring to FIGS. 10E and 11E, a silicon dioxide film 39
having a thickness of approximately 1000 A, and a poly-
silicon film 40 which contains impurity 1ons and has a
thickness of approximately 1000A, are sequentially depos-
ited. Further, a silicon dioxide film 41 having the same
thickness and a polysilicon 42 having the same thickness are
sequentially deposited. In this manner, N+1 number of times
of deposition of the silicon dioxide film, and N number of
times of deposition of the polysilicon film are carried out as
necessary.

Referring to FIGS. 10F and 11F, N+1 silicon dioxide
films, N polysilicon films, the silicon nitride film 38, the
interlayer insulation film 35 and the gate insulation film 33
are etched by anisotropic etching such as RIE so as to form
the opening 44. In this etching process, an etching gas of
CHF;+H, 1s used with respect to the silicon dioxide and
silicon nitride films, and an etching gas of CCl,/0, 1s used
with respect to the polysilicon films.

Referring to FIGS. 10G and 11G, a polysilicon film 43¢
1s deposited on the entire surface of the silicon substrate 31
by low-pressure chemical vapor deposition. Thereby the top
and side surfaces of a stacked layer composed of the silicon
dioxide and polysilicon films are covered with the polysili-

con film 43c.

Referring to FIGS. 10H and 11H, the polysilicon films
45¢c, 42 and 40, and the silicon dioxide films 43 and 41 are

patterned by anisotropic etching such as RIE. The patterned
polysilicon film 43¢ has the vertical portion 45a and the
wing portion 45b. The patterned polysilicon films 42 and 4(

correspond to the wing portions 45b shown 1n FIGS. 5A and
5B.

Referring to FIGS. 101 and 111, the patterned silicon
dioxide films 43, 41 and 39 are removed by an anisotropic
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etching process 1n which an etching liquid of HF 1s used. It
1s noted that the polysilicon film 37 of the bit line BL4, and
the silicon nitride film 38 covering the gate electrodes WLS
and WL6 are not etched with an HF etching liquid. As
shown, the storage eclectrode 45 has a tree-shaped cross
section.

Referring to FIGS. 10J and 111, the dielectric film of

silicon dioxide 46 1s formed on the surface of the storage
clectrode 45 by thermal oxidation. Then, the opposed elec-
trode 47 of polysilicon 1s formed so as to cover the dielectric

film 46.

A description 1s given of a modification of the first
embodiment with reference to FIGS. 13A through 13C. In

FIGS. 13A through 13C, those parts which are the same as
those 1n FIGS. 2A through 2C, are mdicated by the same
reference numerals.

The modification of the first embodiment has an essential
feature 1 which side wall films are provided so as to
surround side surfaces of the gate electrodes WL3 and WL4
and the bit lines BL1. In FIGS. 12A and 12B which show the
cross section of the aforementioned first embodiment, film
portions surrounded by circles are not flat, and have some
differences in vertical layer level. In other words, the film
portions surrounded by the circles are convex and recess
portions. The presence of some convex and recess portions
makes 1t difficult to suitably form a film thereon.
Additionally, 1t 1s inevitable that the film formed on the
convex and recess portions becomes thin. Additionally, a
f1lm portion under an overhang portion may remain without
being etched. As a result, insulation properties of the film are
degraded. The modification of the first embodiment can
overcome the above disadvantages.

Referring to FIGS. 13A through 13C, side wall films 484
of silicon dioxide or silicon nitride are provided so as to
surround vertical side walls of the gate electrodes WL3 and
WL4. The cross section of each side wall film 48a has a
slope which connects the upper surface of the word line
WL3, WL4 and the upper surface of the field mnsulation film
12 or the gate insulation film 13. The side wall films 484
contribute to smoothing the upper surface of the msulation
film 15, providing easy etching with respect to films formed
on the insulation film 15, and improving the insulation
properties of the msulation film 15.

Side wall films 494 of silicon dioxide or silicon nitride are
provided so as to surround vertical side walls of the bit lines
BL1. The cross section of each side wall film 494 has a slope
which connects the upper surface of the bit line BLL1 and the
upper surface of the interlayer insulation film 15. The side
wall films 49a contribute to improving the insulation prop-
erties of the interlayer insulation film 18, providing easy
ctching with respect to films on the 1nsulation film 18, and
smoothing the upper surface of the interlayer insulation film

18.

A description 1s given of a method for producing the
modified device of FIGS. 13A through 13C with reference

to FIGS. 14A through 14K, and FIGS. 15A through 14K.

The step of FIGS. 14A and 15A 1s the same as that shown
in FIGS. 6A and 7A. Therefore, a description with respect to
FIGS. 14A and 15A 1s omitted.

Referring to FIGS. 14B and 15B, an insulation film 48 of
silicon dioxide 1s formed on the entire surface of the silicon
substrate 11 by chemical vapor deposition. Thereafter, the
insulation film 48 1s dry-etched by anisotropic etching such
as RIE. Thereby, as shown in FIGS. 14C and 15C, film
portions around the side walls of the gate electrodes WL3
and WL4 remain without being removed. Such film portions
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are the side wall films 48a. In the etching process of the
silicon dioxide film 48, an etching gas of CHF,+H, 1s used.

Referring to FIGS. 14D and 15D, the interlayer insulation
film 15 of silicon dioxide having a thickness of about 1000
A s deposited on the entire surface of the silicon substrate
11. Then a resist mask film (not shown) is placed on the
silicon substrate 11, and the insulation film 15 1s etched by
anisotropic etching such as RIE so as to form the opening 16
of the bit line contact hole.

Referring to FIGS. 14E and 15E, the polysilicon film
containing n*-type impurity 1ons such as arsenic 1ons (DAs“L)
1s deposited to a thickness of approximately 1000 A by
low-pressure chemical vapor deposition. Subsequently, a
tungsten silicide film 1s deposited to a thickness of approxi-
mately 1000 A by chemical vapor deposition. Then the
polysilicon and tungsten silicide films are subjected to the
patterning process based on RIE. Thereby, the patterned
polysilicon and tungsten silicide films 17 of the bit lines BLL1
are formed.

Referring to FIGS. 14F and 1S5F, a silicon dioxide film 49
1s deposited to a thickness of about 2000 A by chemical
vapor deposition. Thereatfter, the silicon dioxide film 49 1s
subjected to anisotropic etching such as RIE in which
CHF;+H, 1s used. Thereby, as shown mn FIGS. 14G and
15G, film portions 49a around the side walls of the bit line
BL1 are left without being removed. Such film portions 49a
are side wall films around the bit lines BL1.

Referring to FIGS. 14H and 15H, the mnsulation film 18 of
silicon dioxide or silicon nitride 1s deposited on the entire
surface of the silicon substrate 11 by chemical vapor depo-
sition. The msulation film 18 1s approximately 1000 A.

Referring to FIGS. 141 and 151, by using a resist mask
film (not shown), the insulation film 18 and the interlayer
insulation film 15 are selectively etched so as to form the
opening 19 through which a surface of the drain region 14D
1s exposed. The opening 19 functions as the storage elec-
trode contact hole.

Referring to FIGS. 14J and 15J, the polysilicon film 20
containing n*-type impurity 1ons 1s deposited, and 1s then
patterned by anisotropic etching such as RIE in which a
resist mask film (not shown) is used. The patterned poly-
silicon film 20 provides storage electrodes 20a.

Referring to FIGS. 14K and 15K, the dielectric film 21 1s
formed by thermal oxidation so as to surround the surface of
cach storage electrode 20a. Finally, the opposed electrode 22
1s formed so as to cover the dielectric films 21.

According to the modification of the first embodiment, the
clectrical 1nsulation between the gate electrodes WL3 and
WL4 and the storage electrode 20a and between the bit lines
BL1 and the storage electrode 20a, can be greatly improved.
Additionally, upper surfaces of the insulation films such as
the 1nterlayer insulation film 15 and the insulation film 18
are made flat. As a result, easy etching for obtaining bit lines
BL1 and storage electrodes 20a 1s obtainable.

The aforementioned side wall films are applicable to the
second, third and fourth embodiments of the present inven-
fion.

The present invention 1s not limited to the aforementioned
embodiments, and variations and modifications may be
made without departing from the scope of the present
invention.

What 1s claimed 1s:

1. A dynamic random access memory device, comprising:

a plurality of memory cells;

a plurality of bit lines disposed 1n a bit line layer;
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a plurality of word lines respectively associated with the
plurality of memory cells and disposed 1n a word line
layer; and

cach memory cell being located along a respectively
assoclated said bit line and comprising;:

a storage capacitor,

a transfer transistor which electrically connects the
storage capacitor to the respectively associated bit
line 1n response to a select signal applied thereto via
the respectively associated word line,

the storage capacitor comprising a storage electrode
disposed 1n a storage electrode layer, the storage
clectrode layer being electrically conductive and
thicker than each of the respective thicknesses of the
word line and bit line layers, a dielectric film on the
storage electrode, and an opposed electrode on the
dielectric film, the bit line layer being lower than the
storage electrode layer,

said transfer transistor comprising first and second
impurity diffused regions, the second impurity dif-
fused region being electrically connected to said
storage electrode,

said respectively associated bit line having a portion
making an electrical connection with the first 1mpu-
rity diffused region at a connecting position thereon,
and

said respectively associated word line crossing said
respectively associated bit line and extending
between the first and second impurity diffused
regions;

an assoclated bit line of one transfer transistor being
paired with and spaced from an adjacent bit line
respectively associated with an adjacent transfer
transistor, the paired bit lines having corresponding
portions making respective electrical connections with
the corresponding first impurity diffused regions of the
one and the adjacent transfer transistors at respective
connecting positions thereon;

the respective connecting positions of the one and the
adjacent transfer transistors being spaced apart in a
direction in which the paired bit lines commonly
extend; and

the one and the adjacent transfer transistors being located
so that two word lines extend between the respective
connecting positions thereof.

2. The dynamic random access memory device as claimed
in claim 1, wherein the opposed electrode 1s formed so that
it faces upper, side and lower surfaces of the storage
electrode.

3. The dynamic random access memory device as claimed
in claam 1, wherein the word lines have bent portions in
arcas 1n which the transfer transistors are formed.

4. The dynamic random access memory device as claimed
in claim 1, wherein the storage electrode comprises electri-
cally conductive portions which are spaced apart from each
other 1n a vertical direction and which laterally extend.

5. The dynamic random access memory device as claimed
in claam 1, further comprising a field insulating film on
which the word lines are provided, wherein the storage
electrode extends above and overlaps an adjacent word line.

6. A dynamic random access memory device, comprising:

a plurality of memory cells;

a plurality of bit lines disposed 1n a bit line layer;
a plurality of word lines respectively associated with the

plurality of memory cells and disposed 1in a word line
layer; and
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cach memory cell bemg located along a respectively

associated said bit line and comprising:

a storage capacitor,

a transfer transistor which electrically connects the
storage capacitor to the respectively associated bait
line 1n response to a select signal applied thereto via
the respectively associated word line,

the storage capacitor comprising a storage electrode
disposed 1n a storage electrode layer, the storage
clectrode layer being electrically conductive and
thicker than each of the respective thicknesses of the
word line and bit line layers, a dielectric film on the
storage electrode, and an opposed electrode on the
dielectric {ilm, the bit line layer being lower than the
storage electrode layer,

said transfer transistor comprising first and second
impurity diffused regions, the second 1impurity dif-
fused region being electrically connected to said
storage electrode,

said respectively associated bit line having a portion
making an electrical connection with the first 1impu-
rity diffused region at a {irst connecting position, and

said respectively associated word line crossing said
respectively associated bit line and extending
between the first and second impurity diffused
regions;

adjacent, first and second memory cells having respective,

first and second transfer transistors with respectively
assoclated, first and second bit lines in paired and
spaced relationship, the first transfer transistor having a
first 1mpurity diffused region and the respectively
associated, first bit line thereof having a portion making,
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an electrical connection with the first impurity ditffused
region thereof at a first connecting position thereon and
the second transfer transistor having a first 1impurity
diffused region and the respectively associated, second
bit line thereof having a portion making an electrical
connection with the first impurity diffused region
thereof at a second connecting position thereon;

the first and second connecting positions being spaced
apart 1n a direction 1n which said first and second
associated bit lines commonly extend; and

the first transfer transistor relating to the first connecting
position and the second transfer transistor relating to
the second connecting position being located so that
two word lines extend between the first and second
connecting positions.

7. The dynamic random access memory device as claimed
in claim 6, wherein the opposed electrode 1s formed so that
it faces upper, side and lower surfaces of the storage
electrode.

8. The dynamic random access memory device as claimed
in claim 6, wherein the word lines have bent portions 1n
arcas 1n which the transfer transistors are formed.

9. The dynamic random access memory device as claimed
in claim 6, wherein the storage electrode comprises electri-
cally conductive portions which are spaced apart from each
other 1n a vertical direction and which laterally extend.

10. The dynamic random access memory device as
claimed 1n claim 6, further comprising a field mnsulating film
on which the word lines are provided, wherein the storage
clectrode extends above and overlaps an adjacent word line.
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